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SUMHARY

This research examines the phenomenon of internal attention shifting;
that is, paying attention to different places in tne visual field witnout
changing the direction that the eyes are pointing. Recently, some
researchers have suggested that sequences of internal attention shifts may
be a necessary part of visual perception. This seems to require that
attention be shifted very rapidly, since a complex scene can often be seen
with only brief presentation. The purpose of the experiments in this
report was to find out how fast such attention shifts are. The results
indicated that it is possible to shift attention from one visual location
to another in less than 68 milliseconds, but that vision continues to
improve for 120-150 milliseconds after a cue to shift attention.
Furthermore, it was shown that attention increases the rate at which
information is extracted from a stimulus. Thus, internal attention shifts
are fast enough to be used in normal visual perception. They may also be
a component of skilled performance in vision-dependent tasks.
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HOW QUICKLY CAN ATTENTION AFFECT rOR: PERCEPTION?

I. INTRODUCTION

A variety of experinents have shown that one can attend to different
locations in the visual field without changing fixation. Such a change in
attended location will be reterred to as an "internal attention snift."
Internal attention shifts result in increasced speed and accuracy of
responses to a stinulus presented at or near the new attended location
(Bashinski & Bachrach, 1980; Posner, 1980). Both detection and dis-
crimination perforwance are ennanced (Eriksen « Hoffman, 19/Za, 19720,
1973; Remington, 1980).

Are internal attention shifts a Taboratory curiosity, or a necessary
part of vision? Treisman and her colleagues (Treisman & Gelade, 1930;
Treisman & Paterson, 1984; Treisman & Scamidt, 1942) nhave argued tnat
attention shifts are used to conjoin visual features into the percept of a
unified object at a specific Yocation. Further, Ullman (1964) nas
suggested that attention shifts are essential for courrectly perceiving the
extent of visual boundaries and tne spatial relationships awong them, ror
example, the process of deciding whether or not two points fall on the
same boundary might require that the boundary be "traced" fron onc point
to the other using attention snifts.

These and other ideas about the role of iaternal 1ttention shifts in
constructing the visual percept share at least one common assumption:
that changes in the visual location being attended can be nade very
rapidly. It is, after all, possible to see many of the opbjects in a
visual scene, with their features correctly conjoined, after bDrief
tachistoscopic presentations (e.g., Biederman, 1972). This could require
numerous attention shifts during a half-second viewing. Does the focus uf
attention really change that quickly?

Studies of internal attention shifts have shown that, under sone
conditions, the effects of a shift can be neasured 50 milliseconds after
the onset of a cue indicating tine location of the target (Lolejite,
hoftman, & triksen, 19/73; Eriksen & Hoffman, 19720, 1975 Posner, 1980;
Posner & Lohen, 1984). Bergen and Julesz (1983), usiny a paradigm that
did not involve location cuing, also inferred an attention saift latency
of about 5U milliseconus. In other instances, howover, effects did not
appear until several hundred milliseconds later (Posaer, 196U, Remington,
1980; Remington & Pierce, 1984: Sperling & Reeves, 19isU),

In experiments that showed evidence for rapid attention etfects, the
cue to shift attention was usually a stinulus located near the target.
This kind of cue will be referred to as a "target-arca cue," to distinguisn
it from a foveal cue, which is presented at fixation. A typical tov gl
cue is dn arrow that points to the tdrget area. Studies using tnis cu
are among tnose in which ettention effects were slower to develop.

Much of the data relevant to attention-snitting specd has peer
obtained in the context of a "moving spotliaht” view ot attention,
Shulman, «emreton, and Mclean (]9793)

wresonted evidence that when
b
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attention is snifted from one visual location to another, it roves in an
analog fashion over the intervening points in the visual field, like a

5 moving spotlight. Tsal (1983) attempted to infer the speed of this

x hypothetical analog attention-shifting process using a target-area cue.
He arrived at an estimate of 8 milliseconds per degree of visual angle
traversed. However Remington and Pierce (1934), using a foveal cue,

" claimed that the latency of attention effects does not depend on the
distance traveled by the shift. Finally, Reeves and Sperling (in press)
proposed a model of attention that does not include an analog snift
component. In their model, an “attention gate" opens up over time at the
to-be-attended location. In the experiments from whicn this nodel was
derived, tne latency of attention snifts to a complex foveal cue was found
to be relatively long (200 to 400 nilliseconds).

-~

At Teast two factors complicate dttempts to measure the latency of
attention effects on form discrimination. One is the aforementioned
latency difference between target-area and foveal cues. Jonides (1981)
showed that foveal and target-area cues also differ in the degree tc which
4 they automatically elicit attention shifts. Target-area cues do not
N interfere with a concurrent memory task as foveal cues do, and they affect

performance even when they are not helpful and subjects are trying to
ignore them. A1l of these results raise the possibility that the rapid
- target-area cue effect is either mediated by a very specialized
- attentional mechanism or is not an attentional 2=ffect at all. For
X example, target-area cue effects might bhe due to lateral masking, or to
- residual activity in peripheral visual channels. On tie other hand, thne
K long latency of foveally cued attention shifts might simply be due to the
time required to interpret the cuc and determine where to direct
attention. The process of actually chanying tne locus of attention, and
its subsequent effects on fori discrimination, might De the same For poth
cue types.

S IAAN

The first two of the presant experinents vere directed in part vowdrd
resolving this issuc. The tiwme courses of attention effects resulting
from both kinds of cues were uneasured and compared,  The result was that
the major differences in tine course due to cue type were nearly
eliminated by extensive practice with the foveal cue, The renaining
difference in the latency of attention effects is probadbly due to a small
difference in the time regquired tu interpret a rovedl arrow cue versds a
target-areca tlash.

ALl L

-

VAR AN A

A second obstacle to determining the tenporal Characteristics of
attention effects on form discrimination is that form discrimination
itself takes time. In tne task of detecting a luminance increment, tne
target is typically presented for

LA

b miliseconds or Tess, waereds fori
discrimination usually requires tnat the target be present for tens of
milliseconds. This presents a potentiai problem.  Should one assune that
the time available for attention shifting is the tiae betueen the onset of
the cue and the onset of the taryet. or the tiue between the onset of the
cue and tue offset of the target?  Since sowe of the time that tiae target
is present couTd also be used for attention shifting, a latency derived
froi the typical practice of plotiing verforaance as a function of
cuc-targnt onset asynchrony codid b a serious underestinate.
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The second and third experiments examined this issuc by meisuring the
time course of attention effects for varying target durations. The
results were compared to predictions vased on tne assunption that tac
latency of tne first measurable attention effects on form discrimination
is relatively long (greater than 100 wmilliseconds including stimulus
presentation time). These predictions were not confirmed; the data show
that attention effects begin very quickly at the target location.
Furtheriore, it appears that attention can increase the rate at which
infomnation is extracted trom a stimulus. Tiis Tatter result led to thne
development of a nodel of the temporal aspects of internal attention
effects.

[1. EXPERIMENT 1: T COURSE 0F ATTENTION EFFECTS FOR FOVEAL VS.
TARGET-AREA CUES

In this experiment, the effects of internal attention shifts on the
discrimination of T-like target figures were assessed using a paradign
that combines some elements of experiments cited earlier by Posner (1980),
Remington (198Y), and Bashinski and Bachrach (1980). A cue directed
attention to the locaticn of a target figure. The time between cue onsct
and target onset (i.e., the tine available to snift one's attention before
the target arrvived) was varied. This time will henceforth oe called the
"cue-target onset asyncnrony (CTOA)."

If attention can indeed be noved to tne target Tocation during the
CTOA, and if it can improve form discrimination accuracy, tien the
proportion of correct discriminations should increase das riore time is
allowed to shift attention. Plotting performance as a function of CTUA
yields a time course of attention cffects.

Of particular interest in Experiment 1 was a comparison of the tine
courses obtained with foveal cues and target-area cues. Differcences in
Tatency obtained with these cue types are theoretically important for two
reasons: (a) the aforementioned possibility tiiat the target-area cuc
effect may not be an attentional effect at all, and (b) the notion tnat
the target-area cue may not he representative of how attention is normally
directed. During a single fixation of a real scene, one's attention is
seldom driven by a series of abruptly appearing peripheral cues, 1t 1s
therefore possible that the toveal cue is nmore characteristic of the way
internal attention shifts arc normally initiated., One wight then conclude
from the existing data that toveally cucd attention shifts would be too
slow to be involved in the Kind of object perception operations posited by
Treisman, Ullman, and others. However, nost of the existing experiments
used detection tasks and reaction time measures. Ho experinent has used
form discrimination accuracy to compare the time course of attention
effects for tne two cue types; so, it wias necessary to deterinine whetner a
large latency difference exists under tnese conditions,

Method
Observers, Three ohscrvers {(two tewmales, e aate} witn neraal
vision were tested. Hone had participated in simldar experiments before,
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N A1l were paid $7/nour plus a small ponus for correct responses independent
s of condition.
5 . . , . . .
", Apparatus. Stimuli were presented on an Andek 3UU-A video inonitor
controlled by an International Business Machines personal computer
A (1BM-PL) using a non-interlaced 6V Hz frame rate. The phcsphor was P-371,
o which decays to 10% of initial radiant cnergy in 40 microseconds. The
> Tuminance of the stimuli was 26.4 cd/n?, and they were displayed on a
dark surround. The right eye of each observer was monitored using u
' standard video camera with zoom lens and a separate display monitor.
Adjustable head and chin rests were use * o iaintain head position 79,7 v
N fron o tie stimuli.
A
’: Stimuli. Bach of four target stivuli Conaistin! ot a T- uy 1=ty
" plus sign with one of its arms removed te yield a T-Tike figure.  The waox
- foliowed the outer contours of a plus siqgn (see Figure Yi. The actual
stinuli were light-on-dark, thougn thcir depictic. in the tigure is
2, dark-on-Tight.
*l
o,
o,
fl
g
o e
N |
e ! 3F l
o - |
- —] N ,M_l S 3 <k
o f !
N . ; , ‘
- . I
e & ' {
N | b T MASKS
- ! i UNTIL
. - RESPCNSE
= FOVEAL CUE !
S~ e d .
o _ “oR . | "TARGETS v
- L > Pooneamssc
iy o e
Ny P - . .
' P - T BLANK - CTOA
| INTERVAL 34-300 MSEC
- p7953MSEC ,
" - o
s’ == -
e TARGETARcACUE
ye | 17 MSEC
2 1 -
y
. FIXATION POINT
) 668 MSEC
: Fiqure 1. Segydence of cvents on Lach Trial, dxperiaent 1,
-

Procedure.  Figure 1 shows the scyuence of events for cach
experinental trial. First, a seall fiiation dot was prescnted 100 avs
milliseconds in tie center of tie urtspluy.  The det tnen disappedred, and

;ﬁ at tne sade time, a cue appeared 1o tell toe observes which target
. location would contain tne relevant target. In tne target-arca cue
vy condition, a C.b-degree square was presented cither 4 or 7 degrecs to it

rignt, left, above, or bclow the fixation point.  This square was the cuce




......

to the location of the relevant tdarget. In the foveal cue condition, 2
) 0.5-degree arrow was presented at the fixation point. The arrow pointed
' either left, right, up, or down. Both target-area and foveal cucs were

; displayed for one video frame (17 msec). There followed a blank interval
that varied in duration between 17 and 283 msec. The sum of the
- (constant) cue duration and the blank-interval duration is the CI0OA. 0n

each trial, one of 10 CTOAs was randomly selected (34, 5V, 67, 84, 117,
134, 167, 200, 267, or 300 msec).

Following the blank interval, four target stimuli were presented, to
the right, left, above, and pelow fixation. All targets were presented
. either J or u degrees from the fixation point. The target to be presented
A at each location on a given trial was randomly selected, with replacement
- from tne set ot four T-like figures descrioed above. Stimuli rewaineu
58 illuminated for either 50 or 84 milliseconds and then were wasked. The .
< masks remained in place until tne observer had decided which stinulus nad
been presented in the cued location and had indicated nhis or her decision
by depressing one of the four arrow keys on the IBM-PC numeric keybdoard.
When a response was made, the observer was presented witn feedback as to
its correctness, and the next trial was initiated.

Observers were instructed to maintain fixation in the center of the
: display. They were informed when significant eye movements occurred,
although stimulus presentation was too rapid to allow a saccade to tne
target. Thus, cye movements could only diminish performance through
saccadic suppression,

The experiment consisted of eight 1-hour sessions. Each session

- consisted of five blocks of 100 trials each. Within a block, the same

target eccentricity, target duration, and type of cue were used. The -
order of presentation of the resulting eight conditions was

counterbalanced.

5 Pretraining. Prior to their participation in tihe experinents, all ‘

observers were pretrained on foveal identification of the four possible .
¢ targets. On each pretraining trial, one of the four possiblie targets wvas =
! presented foveally for a duration which vdried according to the observer's "
. perfaormance on the previous trial. If the previous trial was corvect, a :
) counter was decremented. When the decrement totaled 17, tne stiuwlus D
. duration was reduced by one video frame {17 msec). 17 the preceding trial R

was incorrect, the counter was incremented. The size of the increwent and
decrement was controlled so that overall proportion correct would be as
close to 0.625 as possible. Tnis propourtion represents 50, correct
discrimination when corrected for quessing,

e

Immediately following the presentation of the target, tne mask was
presented, and the observer decided which target had dppedared. tollowing
the observer's response on the computer keyboard, the value ot the counter
representing stinulus duration was displayed. Obscrvers were told that
this number would get smaller if their answer was correct and larger it it
was incorrect, and that they should try to obtain as smdall a number ds
possible. Observers were pretrained on 1,500 tdrget identification trials
before starting the experiments. Previous data indicated that tnis was ‘
sufficient practice for performance to asymptonte.
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The critical aspect of the datd of jure 2 s tne effect of cuc ype
on performance. Fur the taryet-arca Cu effects of attention were
present after a CTOA of only bu millise. .nds, whereas for the tovedl _ues,
efrects were nuch slower to develop., Toore was no clear effect of
increasing CT0A in e foveal cue con "~ oan bafore avout 10U nsec.

Consequently, average propurtion curr was significantly nigher for tie
target-area cues then for oo taoveal . - ( .47 vs. .38, x2[1] = 20,8,

p -~ .001). Thus, the results are con- int with those obtained for
luminance increment detection, in tha. "ne iatency of attention effects
appears to oo much greater witio tie o t-area cues than with the foveal
cues, In addition, the data show b0 . or o taryget-area cues,
performance was noar aspnntote Al it ) mitiiseconds, whereas for
the foveal cues, a lear asymptot. o —at reached within the ranjo of the

CTOAs samplod,

It is evident from this cxper oottt the time courses of attention
effects differ for the tuc Lypes s, It is possible that the actual
operation of shifting attenzion NERRE for botn cuc types; however,
deternining where tou atter take gyo o oth the foveal cue. This could
ocour pecaus:s the relatd S IV n - foveal cue and the exant visual
Tocation to be attended o b e vad s the to-be-attended
Tocation nust be retricy. ro ry -ach trial., One way to assess
tnis possibility is to e ne - s drse of attention snifts after
YTarge amounts of practic. th fo. ues,  1f shifts that are cued
foveally are slower only .. .au S Aast be interpreted, then
autonating this process i ur, -t Should result in nuch faster

fove-ally cued shifts.

-

. EXPERINMENT 2: EFr CUE PRACTICE AND TARGET vURATIGH

[

s

fnis experiment was de .etermine whether extensive practice
markedly alters the time cow ovedally cued attention snifts, as
would be expected under the hyp . ..esis that tne differences found in
Experiment 1 are due to differences in toe speed of interpreting tne cue,
If tne latency and magnitude of foveally cued shifts can be brought into
the range of those found with tae perinhcral cue, taen it would e clear
that fast cuing effects are possible under conditions that rule out
13teral nmasiking or other target area irceractions.

To tha extent that large practice offects occur, their generality
hecones an issue. TInerofore, practice was «pven 1noonly two of tne fuur
possible directions and one of the two possidble eccentricities.  Potential
effects of pructice un identifying tne target wore niniaized by tae large
nunber of target identification pretrairiog trials given prior to
Exneriment 1.

Fetnod

This experiment W45 run imediateiy after Experinent 1, using the
same observers, equipment, and procedure,  Before tihe data were collected,
ovservers were given U500 practicoe trials using ondy the toveal cuc,
During the practice phase, argete cogld oocur an ondy two positions
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(above or below the fixation point) and at only the 6-degree eccentricity.
A target duration of 84 msec was used for the first 4,000 trials. For the
final 3,500 trials, the target duration was 50 milliseconds.

During practice, tne CTOA was varied on a trial-by-trial basis using
the same adaptive procedure that was used for varying stimulus duration
during the pretraining phase of Experiment 1. Again, a counter that
represented CTOA was decremented after a correct response and incremented
after an incorrect response, and observers attempted to minimize the
counter value. The initial value of tne counter was 200, which
represented a CTOA of 234 milliseconds.

Results and Discussion

As in Experiment 1, discrimination performance increased significantly
w1th increasing CTOAs for both foveal and target-area cues (target-area:
x2[9] = 56.6, p 7 .001; foveal: x2L9; = 27.7, p <] .UUS). However,
extensive pract1ce substantial]y changed tne difTerences found in
Experiment 1 between foveal and target-arca cues. In fact, practice
completely eliminated the eftect of cue type on average proportion correct
(target-area--.05, foveal--.64, x4[1, = .34, p >.250). Figure 3 shows
the relationship petween CTOA lengtn and performance for both cue types in
both experiments. In Experiment 1, tne CTOA at which a particular
proportion correct was reached was roughly 150 milliseconds longer for
foveal cues than for target-area cues. In Experiment 2, this difference
was 25 to 50 milliseconds. Some difference between the two conditions
would be expected even after practice because use of tne foveal cue would
still require the retrieval of the to-be-attended location from rmemory.
But there is no longer much reason to suspect that the time courses
associated with the two cues reflect totally different phenonena.

As in Cxperineat 1, tnere was no signiticant effect of target
eccentr1c1ty for e1tner cue type (taryet-area: x2[1 ) = 2.86, p -.U5;
foveal: x4[1] = 1.68, p CL10) . However, tae st1mu1u> dardt1on effect
wis significant for both cue tyjpes (target-area:  x (1) = 31.8,

p- .001; feveal: x= (1) = 11,8, p .UG)). This finding is discussed
further below. h )

Anotaer issu2 was tioe generality of tae observed practice cffects.
Tne overall proportion of cerrect ruSponges Tuproved gredtly with practice
for both cue types (target-area: x¢(1j = 97.8, p  .001: foveal:
x¢{1) = 125.6, p-7 .001). Thece wis also sijgnificant fuprovenent
(p .01) for all target divections, durations, ana cceentricities.  None
of the interactions between tiese varianles dand practice wis signiticant,
There was, however, a significant interaction between practice and cue

type (x201] = o.04, p- .00}, wecause performigace iaprovenents witn

practice were not ronfwnfd to the particualar snift direction,
eccentricity, or cde ‘ype that was practice:d, prdotice nust nave inproved
either the speed of sicting attention itself or, more Tikely, extrancous

aspects of the task.  dowever, tae Signiticast interactiun between cue
type and practice indicates taat there was a conponent of practice eftects
tnat was specific to cue type,  Inis resuait would ve capecied 1f one ot
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. Figure 3. Proportion Correct as a Function of CTOA for Both

‘. Foveal and Target-Area Cues, Experiments 1 and 2.

3 the effects of practice was to strengthen the association between the

N foveal cue and the to-be-attended location.

\

) Given the main results of this experiment, it seens reasonable to
assume that both foveal and target-area cues can initiate a shift of
internal attention to a new target location. We now return to the

. original question that motivated the researcn: How quickly can such an

> attention snift begin to affect form discrimination?

~

< Suppose that tie data from the target-drea cue condition of

ol Experiment 2 reflect tne time course of a change in internal attention
locus. Based on these data, as shown in Figure 3, it is clear that an

2 improvenent in performance occurs between 34 and 50 milliseconds. This

i could be interpreted to mean that the latency of attention etfects is less

“ than 50 milliseconds. Considering tnat it must take some time to detect
and localize the cue, these data might be tinought to imply that changing
attentional Tocus is a very rapid process; but there is a problem with
such an interpretation,

- The problem may be illustrated by considering a model in which \
- attention acts like a "shutter" that does not open until 100 milliseconds
. after the onset of the cue. Suppose that the duration of the target is %0
3 milliseconds. If the CTOA is 34 milliseconds, then the total time from
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the onset of the cue to the onset »f Lu¢ mask is 84 milliseconds. Thus,
the shutter will not have opened wnen the mask appears, and performance
will be at baseline. Witn a CT0OA of 67 milliseconds, however, the CTOA
plus target duration is 117 msec; so, the shutter will have been open for
17 milliseconds before the wask appears. A CTOA of 84 1iilliseconds means
that the target would be in view for 34 milliseconds vefore being masked,
and so on. Under these conditions, performance would asyiptote at a CTOA
of 100 milliseconds, since tne shutter would open in tine to reveal the
target for its entire duration. This is, in fact, approximately the
point at which the target-darea data for Experiment 2 reached asymptote.

This simple model shows that increases in perforance with small
CTOAs do not necessarily imply very rapia attention shiftts. The shutter
model is merely an illustrative device, but the same considerations would
hold for a model in which 100 msec or more were required for tte foucus of

ttention to shift across visual space, arrive at tine target, and thus
begin to affect performance. Notning in the aata as analyzed so far rules
out this possibility. However, the shutter nodel impiies that varying tie
duration of the target should markedly affect the observed time course of
attention effects. Specifically, as target duration is reducacd, longer
CT0As are required before the effects of attention begin Lo appear.
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Figure 4 shows hypothetical data that illustrate this effect, again
assuming that attention operates Tike a shutter that opens 100 msec after
the cue. The two curves in the figure were computed for the two target
durations (50 msec and 84 msec) of Experiments 1 and 2, using the equation:

Proportion Correct = ((TD + CTOA) - 100) * .0045 + .35 (1)

where TD denotes target duration, and the quantity ((TD+CTOA)-100) has a
maximum value of TD and a minimum value of zero. The relative neight of
each point depends on the length of time that the target remains visible
after the hypothetical shutter opens. As the figure shows, varying the
duration of the target does not affect the point at which the curve
asymptotes, but does affect the point at which it starts to rise. After
the curves begin to rise, they are parailel.
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Figure 5. Proportion Correct as a Function of CTCA for 50 and 84
msec Target Durations. Data are from the target-area
cue condition of Experiment 2.

Figure 5 shows the target-arca cue data from Experiment 2 plotted
separately for each of the two target durations. Some aspects of these
results do not match the hypotnetical shutter model predictions of Figure
4. First, the experimental curves both appecar to rise at the sawe point;
there is no indication that the 50-msec curve rises later. Second, the
curves do not appear to asymptote at the same CTOA; the 84-msec curve
appears to asymptote earlier. Tnird, the B4-msec curve appears to rise
more steeply.
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To summarize the foregoing analysis: The fact that attention effects
appear at short CTOAs does not rule out models in which attention has a
Tong latency, since attention may shift during target presentation.
However, when tne data for two different target durations were compared,
some predictions of a long-latency model (i.e., effects beginning at
different CTOAs and reaching asymptote at the same CTOA) were not

L confirmed. Because these results are critical for making distinctions

X between long- and short-latency models, it was necessary to attempt to

‘ replicate them in a larger experiment.

2,

A A

"

EFFECT OF VARYING TARGET DURATION:
A TEST OF LONG-LATENCY HMODELS

IV. EXPERIMENT 3:

In order to reconcile long latencies for attention shifts with the
\j observed increase in discrimination performance at small CTOAs, it must Dbe
- assumed that attention continues to shift to the target location while the
target is being presented. Thus, if the target duration is reduced, a
correspondingly larger CTOA should be required to produce a rise in
discrimination performance. Short-latency models, nowever, would predict
that performance rises at small CTOAs regardiess of the target duration.

LN NS

, In this experiment, a 34-msec target-duration condition was
: investigated, along with the 50-msec and 84-msec conditions used in

_G Experiments 1 and 2. Smaller CTOAs were used, CTOAs were sampled nore

s densely, and the number of experimental trials per observer was increased
> from 2,000 to 7,000,

'\.'

Method

Observers. Three female observers with normal or corrected-to-norindl
o v 'sion were each tested for 11 sessions of approximately 1 hour each,

J None of the observers had participated in Experiments 1 and 2. Two of

o them, however, had participated in similar experiments. They were paid

7 $7/nour plus a small bonus for correct responses independent of

condition. The third observer was a staff menber who received no

{; compensation beyond her regular salary.

Nd

) Apparatus. Stimuli were presented on an IBM Enhanced Color Monitor

~ and controlTed by an IBM-PC/XT containing an Enhanced Graphics Adapter.

™ Decay times for the phosphors (P-22-B, P-22-G, and P-22-R) were less than
1 nsec. Stimuli were presented on a dark background. Their Tuminance was

- 13.7 cd/m2. As in Experiments 1 and 2, eye position was monitored using

a video camera with zoom Tens, and a separate display monitor. Adjustavle
head and chin rests were used to muintain nead position.

p Stinmuli. Stimuli and masks were the same as those used in
Experiments 1 and 2; however, the pixel density was increased frou b4 to
112 pixels per character.

Procedure. Tiie experimental procedure was the sane a4s in Lxperiments
1 and 7, with the following exceptions: (a) Tne fixdation puiat reuained
illuninated during the entire experimental trial., (b) The experiment used

...............................

...........
SN
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13 CTOAs (16.7 to 217 msec in 16.7-msec steps), three target durations

‘: (34, 50, and 84 msec), one eccentricity (6 degrees), and one cue type
. (target-area). (c) Seven experimental sessions and one practice session
' of 1,000 trials each were run. (d) A full-attention target discrimination

b

session was run once prior to the practice and experimental sessions, and
twice after their conclusion. The purpose of these sessions was to obtain
an estimate of the rate at which target discrimination performance improves
with presentation duration, under optimal (foveal, full-attention)
conditions, for the target set used in the experiment.

Kt Tu’

In the full-attention sessions, a fixation point was presented for
v 668 msec at the center of the display. It was then replaced by one of the
four T-like target figures, which remained on the screen for a randomly
selected duration before being replaced by the mask. The observer then
X indicated with a keypress which one of the four targets had appeared. The
six possible target durations ranged from 16.7 to 100 milliseconds in
16.7-millisecond intervals.

Results and Discussion
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S Figure 6. Proportion of Correct Discriminations as a Function
) of CTOA for Target Durations of 34, 50, and 84 msec,
Experiment 3.
Y

Figure 6 shows discrimination performance in tne experimental sessions
as a function of CTOA for all three target durations. Several facts are
. evident from this figure, in addition to the expected significant effect
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of target duration on average performance (x2[2] = 677.2, p- .001).
First, for each target duration, there was a significant increase in
performance between CTOAs of 17 and 34 msec (84-msec TD: /ng = 16 b,

< .001; 50-msec TD: x 2[1) = 9, 8, p< .005; 3d4-msec TD: L1] -

7, p< .01). This is clear evidence against a long- 1abency modc], since
such a model would predict that the shorter the target duration, thc
longer the CTOA required tu show an initial rise in performance.

Moreover the fast-rising parts of .i.c curves were not parallel (5U-34
msec: x2(3] = 35.1; 84-50 msec: x’[3 - 21. 5, 84-34 mscc: x7(3] =

27.5; all p .00}). As target duration Inav“dﬁed, the stecper the slope
of the curve became, and the earlier the asymptote was reacned.

Thus, all of the results suggested by the target-duration comparisons
in Experiment 2 were observed in this experiment, including tiose that
argue against a long-latency model. In particular, the significant
performance improvement observed between CT0As of 17 and 34 nsec for a
34-msec target duration indicates that attention is beginning to aftect
performance within 68 msec of cue onset.

The results also indicate how long attention effects last. Curves
for longer target durations asymptote at correspondingly shorter CTUAs,
that is, all curves asymptote at about the same totdl time since cue
onset. This implies that attention effects continue to build up during
target presentation at about the sane rate as they do during the cue-
target interval. An estimate of the duration of tnis buildup can be
obtained by plotting average performance as a function of CTUA plus target
duration (Figure 7). The figure shows that attention effects cease
120-150 msec after cue onset. .

Finally, the results suggest tnat attention woderates tine
relationship between target duration and discrimination performance.
Figure 8 shows proportion correct as a function of target duration, with
CTOA as a parameter. Only data from the first six CTOAs {the ones that
account for virtually all of the ovserved attention effects) are shown.
As CTOA increases, there is a systematic increase in the slope of the
initial seyment of the lines, tne part that represents an increase in o
target duration from 34 to YU msec. (Tne B4-msec target duration is not
included in the slope because perforuance is at asymptote for LTUAs over
50 msec.) For example, the slope obtained with a LTOA of 10U nsec (V.U17)
is nearly triple that observed with a LTOA of 1/ ”sec {G. UUu) This
effect was highly significant in the overall data (x¢[5]) = b7, 1
p<” .001) and for each of the three observers (observer 1: x© LJJ = 9
29.9, p(; .00l ; observer 2 xZLbJ = 19,3, pv .00, observer 3:
x2[5J 34.0, p- .001). A possible interpretation is that focusing
spatial attent1on on the target location increases the rate at which
information is extracted from the target.

PR IR IR

This interpretation is further supported by tne observation that the
slope increase is not simply a consequence of better asymptotic perforagace
at longer CTOAs. Examination of the top thrce lines of Figure § shows
that even though asymptotic perforudance is similar in all three, it is :
reached sooner for the lines representing longer CTOAs. Hence, f the
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Figure 7. Proportion of CLorrect Discriminations as a Function of

77 Total Time Available to Shift Attention (CTOA Plus
Target Duration), Experiment 3. Points on the curve
are averaqes over all three target durations (34, 50,
and 84 wscc), except for the first point, which
necessarily contains only data from the 34-msec target
duration, ana the second point, which contains only
data from the 34-msec and 50-msec target durations.

effect of increasing target duration is to allow more information to be
extracted from the target, then the effect of attending internally to the
target is to speed up this extraction process.

If this interpretation is correct, tien the full-attention condition
that was run vefore and after the experimental trials should show a
target-duration effect that is at least as steep as that obtained for the
100-msec CTOA trials in Figure 8. Figure 9 shows performance in the three
full-attention condition sessions. There is a large pre/post effect on
the slope of these curves (x2L3J = 87,5, p .001). Nevertheless, it is
clear from the post-experiment data that a very steep target-duration
effect is observed, just as it was in the long-CTOA data of Figure 8,
since in both cascs atlentios wee tucused on the target area when the

target appeared,
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17 MSEC
34 MSEC
S0 MSEC
67 MSEC
84 MSEC
100 MSEC

PROPORTION CORRECT

/B/

-

50 60 70
TARGET DURATION

Figure 8. Proportion of Correct Discriminations as a Function
of Target Duration, with CTOA as a Paraweter. This
is a replotting of the data from the fast-rising
parts of the curves in Figure 6. It shows that the
initial slope of the target-duration effect
increases with CTOA,

To summarize, the results of Experiment 3 indicate that: (a) Effects
of attention begin at the target location in less than 68 milliseconds,
perhaps mucn less. (b) Attention effects continue until 120-150 msec
after the presentation of the cue, regardless of target duration; they are
not terminated by the presentation of the target. (c) Attention incredses
the rate at which information is extracted from the target.

In order to obtain more precise estimates of the latency and duration
of attention effects, the results were formalized as a quantitative
model. Let L denote the number of milliseconds after cue onset at whicn
attention effects begin, and M denote the time at which they end; tnen,
the time during which attention is having an effect on the information in
the cued location is:

Attention Duration (AD) = min ( M, (TD + CTOA)) - L. (2)
If attention increases the rate of information extraction from the

target, then performance should be a iultiplicative function of attention
duration and target duration; that is:
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Figure 9. Proportion Correct as a Function of Target Duration in
the Full-Attention Condition, Experiment 3.

Proportion Correct = AD * TD * B + C (3)
where B and C are »lope and intercept constants,

This four-parameter model fits the data from the 34-msec and 50-msec
target durations quite well. When the model was fit to the first eight
points of the 34-msec and 50-msec data (to avoid including the down-
drifting presumably caused by occasional eye movements), the resulting
parameter values were L = 22, M =122, b = .000119, and ¢ = .18, Thus,
the best model fit was obtained with an attention latency estimate of 22
msec. The model closely reproduces the systematic increase in the slope
of the target-duration effect with increasing CTOAs (Figure 8) and the
cessation of attention effects after about 120 milliseconds (Figure 7).

In order to account for the data from the 84-msec target duration
condition, one change in the model was required. Data from the full-
attention condition (Figure 9) indicated that discrinination performance
asymptotes at a target duration of between 50 and 67 milliseconds.
Therefore, tne actual target duration of 84 msec was replaced in Equations
2 and 3 with a new parameter representing asymptotic target duration.
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The resulting model was fit to the data for all three target
durations. The values given above for the original four parameters were
fixed; only the new asymptotic target-duration parameter was allowed to
vary. The value of this parameter was thus estimated to be 62, which is
A within the range indicated by the data from the full-attention condition.
Figure 10 shows the fit of this model to the data from all target
durations. It is clear that the parameter values that fit the data from

- e
P

a z"sa

N
aﬁ the shorter durations also fit the 84-msec data quite well, once tne
K asymptote in target-duration effects is taken into account.
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»y Figure 10, Comparison of Predicted and Actual Proportion of
i Correct Responses for Target Durations of 34, 50,
- and 84 msec, Experiment 3. Solid Lines are tie
predictions obtained via Equations 2 and 3 (sec
e text).
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w V. GENERAL DISCUSSiON )
}
v. The purpose of these experiments was to determine how quickly shifts
W of internal visual attention can affect form perception. Previous
o research in which a brief change in luminance was used as a taryet had

shown that when attention was cued by the onset of a stimulus in the

target area, attention effects were evident much sooner after cue presen-

tation than was the case when cues presented at fixation were used {Posner, .
1960: Posner & Cohen, 1984; Remington 1Y80; Remington & Pierce, 13934). ;
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Experiment 1 replicated this effect for a form discrimination task,
and Experiment 2 showed that the difference in attentional latency between
foveal and target-area cues could be largely eliminated with practice.
This latter result argues against certain non-attentional explanations of
the target-area cue effect (such as masking). Experiinent 2 also uncovered
several differences between the time course of attention effects for
different target durations. These differences were observed again in
Experiment 3, where it was also shown that (a) the latency of attention
effects is less than 68 msec, (b} attention effects continue to build up
during the presentation of the target but cease at 120-150 msec after the
cue, and (c) attention increases tie rate at which target presentation
time improves discrimination performance. A quantitative model incor-
porating these findings was successful in accounting for the observed
effects of CTOA and target duration.

Attention Latency and Perception

These results have important implications for the gencral question
posed in the introduction; namely, are internal shifts of attentional
focus fast enough to be involved in constructing the visual percept?

Under optimal conditions in these experiments, the latency of
attention effects was estimated to be under 50 msec, even considering the
possibility that attention could shift during the presentation of the
target. Studies of attention effects on detection of luminance increments
using reaction time to target-area cues as the dependent variable have
also reported the existence of attention effects witnin 50 milliseconds of
cue onset (Posner, 1980). Since this time presumably includes tne time to
process the cue to shift attention, and perhaps other operations as well,
the actual time required for the focus of attention to change 1s clearly
fast enough to allow a serial process to select many different processing
locations during a single fixation.

However, there remain at least two possible objections to the idea
that rapid internal attention -shifts underiie some aspects of perceptual
processing. 0One is that even if a new attended Tocation can be selected
in a few milliseconds, perceptual processing at the new location will
surely take nmuch more time. 1f such processing requires attention, then
fewer snifts of processing focus will be possible witnin a typical
fixation. In tne present experiments, for exaumple, attention continued to
affect performance for at least 120 milliseconds. Thus, for the present
task, at most only two or threc discriminations requiring full attention
could be performed during a fixation. iloreover, it mignt be possible to
lengthen the time for which attention will affect processing (M-L) oy
increasing the amount of information that has to be extracted from the
target.

The gperations for which Treisnan and Gelade (198U) and Ullman (1984)
suggested a serial attention mechanism--operations such as feature
conjunction or boundary tracing--may not require anything like a full
accumulation of attention effects. Horeover, one can edsily imagine a
system in which computations are started in serial tashion at various
index points, but the selection of each new index point docs not depend on
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the completion of the computation started at the preceding point. In such
a system, the important parameter would indeed be the latency of the
indexing operation.

A second possible objection rests solely on observer introspection.
In experiments such as those reported here, the observer has the distinct
impression that at least small amounts of time and effort are being used
in focusing attention on the cued region. Yet, elsewhere, the perception
of complex scenes--which nust result from many, pernaps dozens of succes-
sive attention shifts--seems effortless. O0f course there are many
possible answers to an objection Tike this, but one such answer is that
the feeling of conscious effort is tied to the accumulation of attention
effects. It may be that merely changing the locus of processing is not
effortful; and if perceptual operations such as boundary tracing o: feature
conjunction are tnen performed, one will not be conscious of theui.
However, if one attempts to enhance vision at a location by focusing
attention on it, then this buildup of attention effects will pve found to
be effortful,

Components of Attention

Implicit in the foregoing discussion is a strong separation vetween
(a) the changing of the locus of visuai processing, whether it be for the
purpose of attending to a location or performing some other computation,
and (b) the enhancement of vision when attention has been focused on a
location.

This distinction has becn discussed at some length by Posner, Walker,
Friedrich, and Rafal (1984). They proposed tnhat there are actually three

conponents to a change in tne focus of internal attention: First, atten-
tion must be disengaged frow its current focus; then the focus of attention
is moved across visual space; and, finally, the effects of attention build
up at the target location. These operations are called, respectively, the
"disengage,” "move,” and "engage" operations. Posner et al., argued that,
based on performance experiments using individuals with specific brain
damage, there is good evidence that these operations are localized in
different parts of the brain, and each operation takes a measurable amount
of time.

M PN

The model derived from the results of the present experiments allows
one to estimate separately the temporal characteristics of processes
responsible for shifting attention to the target location (perhaps the
disengage or riove operations) and processes that result in improved
performance once attention has arrived there (the cngage operation).

In determining how quickly attention effects begin at a new location,
it seemed unnecessary to adopt a position concerning the nature of the
attention mechanism. llone of the present findings appears to contradict
either a moving spotlight (Shulman et al., 1979), zoom lens (Eriksen &

Yeh, 1985), or gate opening (Reeves & Sperling, in press) view of attention.

The present results do, however, shed some Tigint on what nappens once
attention reaches a location. Attention scems to increase the rate at

A e s B S
. P
! ."'. v I'-J'.l' J'NI LS PO A



which information from the target location accumulates, as reflected in an
increased proportion of correct discriminations. This rate increase is
not simply a reflection of better overall performance with increasing
attention. The data show that when sufficient time was allowed for
shifting attention, most of the useful target information was extracted
between 34 and 50 msec, and performance increased little between 50 and 84
msec. However, when less shifting time was available, information was
still accumulating at the longer target durations. )
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Conclusion

>
¥

These experiments give evidence that internal attention shifts are
fast enough to help construct the visual percept. Since attention can
) apparently shift within a few milliseconds, it could possibly be used in
) conjoining features of objects, localizing objects relative to one
R another, and perhaps other fundamental aspects of perception.

v

The fact that it took roughly 120 msec for the effects of attention
to asymptote in the present experiments, and even longer in some other
experiments, does not necessarily mean that 120 msec is the time required
to change the location being attended. Rather, it is likely that most of
this time represents an accumulation of the attentional effects necessary
to discriminate very similar and briefly presented peripheral targets.
The easier the discrimination that is required, the faster a given level :
" of performance could be reached. :

- Ll O

- In a real scene composed of relatively distinct objects, the amount

o of attention required to conjoin the color and form of large objects might
be minimal. Thus, many rapid shifts could be executed in the short time

- that it takes to perceive the main elements of such a scene.
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